Slope microtopography is an important factor that affects the process of slope erosion. We quantified the responses between microtopography and the amount of erosion on overland sand slope and loess slopes through an indoor artificial simulated rainfall experiment. Three continuous rainfall tests under 1.5 mm/min rain intensity were used to analyze the spatial variation of slope microtopography and soil erosion with three-dimensional laser scanning technology. Our results show that under 0.5, 1.0, and 1.5 cm sand-covered slopes, the runoff time of the first rainfall is delayed by 18, 19, and 23 min, respectively, compared with the loess slope. Furthermore, the average sediment concentration on the slope decreased with subsequent rainfall events. The total erosion of the slope under 0.5, 1.0, and 1.5 cm sand was 4.24, 3.57, and 5.40 times that of the loess slope, respectively. The erosion of the sand-covered slopes was much larger than that of the loess slope. The length of the main sand production area was about 2.4 times that of the loess slope and the peaks of the erosion amount of the slope were mostly distributed in the lower part of the slope. As the rainfall progressed, the microtopographic factors of the loess slopes increased significantly (p < 0.05), and the microtopographic factors of the sand slopes increased, but not significantly (p > 0.05). We found that the microtopographic factors with the strongest erosion responses to the loess slope and the sand-covered slope were surface incision and surface roughness. The response relationship between microtopographic variation and erosion of the loess slope was stronger than the sand-covered slope, and suggests that other, unaccounted-for factors may be affecting the erosion of sand-covered slopes. This study provides a reference for erosion mechanisms of the wind-water erosion crisscross region.
Introduction
Microtopography is a ground morphological feature formed by raindrops, surface runoff, and human cultivation that has large effects on surface runoff and erosion processes. Soil microtopography affects the occurrence and evolution of soil erosion through changes in elevation that alter water flow direction and hydraulic characteristics [1, 2] . Microtopographic properties can promote or hinder soil erosion in two different ways [3] [4] [5] [6] [7] [8] because of the high dynamic and random changes in microtopography [9] [10] [11] [12] [13] .
Splash erosion by raindrops, sheet erosion from sheet flow, and shallow gully erosion caused by heavy rain all increase the variation in surface microtopography [14] [15] [16] . Continuous rainfall has been Water 2019, 11, 2488 2 of 13 shown to change both sediment yield and microtopography during the erosion process [17] . Previous research has found a linear relationship between surface roughness and the micro-slope, and the response of surface roughness to erosion exhibits spatial heterogeneity [18] [19] [20] [21] [22] . Furthermore, surface roughness variation has been shown to be a good predictor of erosion, at least on horizontal ridge slopes [23] [24] [25] [26] . Using traditional microtopographic measurement methods, Jester et al. (2005) [27] identified defects in establishing the relationship between microtopographic, runoff and sediment yield, and more recently, laser micro-geomorphic methods have been developed to precisely extract and analyze terrain indices [28] [29] [30] [31] . Luo Jian et al. (2015) [32] studied the microtopography of purple soil erosion with indoor simulated rainfall tests, and found that rainfall parameters and the terrain multi-fractal index could accurately predict slope runoff, but not the slope erosion amount. Zheng Liangyong, and Ahmadi A et al. [33] [34] [35] revealed the distribution of erosion sources by laying trace elements, and found that the area at the bottom of the slope contributed 80% to sediment production.
The wind-erosion and water-erosion interlaced region of the Loess Plateau is one of the main producers of coarse sand and silt for the Yellow River [36] [37] [38] , and there has been recent, interesting characterization of the Loess Plateau soil. For example, and Xu (2015) [39, 40] investigated erosion particles sorting and the relationship between runoff sediment yield and the process of erosion transportation, and Linyi (2017) [41] studied the effects of sand thickness and particle size composition on runoff and sediment yield on the slope. Runoff and sediment yield in wind and water-erosion intersections can also be affected by differences in the physical properties of the two-element and one-element slope structures. For example, differences in particle composition, saturated water permeability, and other physical properties contributed to differences in infiltration, confluence, and erosion between one and two-element structured slopes [42] [43] [44] [45] [46] [47] [48] [49] . The study on the erosion and sediment yield process of sand-sand dual-structure slopes is focused on qualitatively characterizing erosion processes under different rainfall and underlying conditions, although quantitative measurements of the distribution of erosion sources and their response to microtopographic changes are also considered.
Little research has been focused on the quantitative evaluation of the soil erosion amount spatially and the response of sediment to the microtopography factor on sand-covered loessal slopes [50, 51] . To sum up, the objectives of this study are:
(1) To elevate the response of the soil erosion to the thickness of sand on the loessal-sand; (2) to quantify the spatial distribution of soil erosion amount: and (3) to analyze the relationship between the microtopography factor and sediment.
Materials and Methods

Experimental Design
We collected loess soil from Xi'an city and sand from Dongliugou valley in Dalate banner, Inner Mongolia. All loess soil and sand were passed through a 10 mm sieve. The mechanical composition of loess was 1.36% clay (<0.002 mm), 59.99% silt (0.002-0.02 mm), and 38.65% sand (0.02-2 mm). The mechanical composition of sand was 0.02% clay, 4.22% silt, and 95.6% sand. Firstly, 20 cm natural sand was laid on the bottom of the flume to keep the water permeability of the experimental soil close to the natural state and uniformly moisture the soil. Then, the 40 cm depth sieved loess was put into the flume depending on the layered filling method at 10 cm intervals. Layered filling soil can keep the same bulk density on the soil-filled flume. Finally, three thicknesses of sand, 0.5 cm, 1.0 cm, and 1.5 cm, were covered on the soil surface, respectively. The soil moisture content and dry bulk density of the tank were maintained at 20% and 1.3 g/cm 3 , respectively. After the filling was completed, water was evenly sprinkled on the surface of the soil to bring the surface water content close to saturation. Rainfall tests began 24 h after completion of the test slope.
Tests were carried out in the Rain Erosion Hall of Xi'an University of Technology. The artificial simulated rainfall device made up of an X-shaped sprinkler, which was proved by raindrop spectrum and the end of velocity [52] . The test rain intensity was 1.5 mm/min, with a minimum rainfall uniformity of 85%, and an effective rainfall height of the side spray type rainer for rainfall of 4 m. Intermittent rainfall events were simulated; three continuous rainfall events were simulated for the same underlayer pattern, with the rainfall event interval of 24 h. All experiments were recorded from runoff generation time, and the runoff duration was defined as 30 min. However, the sand of the 1.5 cm sand slope eroded to the bottom of the test tank after the second rainfall, so no third rain was performed. The soil trough used in the test was 13 m long, 1 m wide, and 0.7 m high, with a slope of 12 • (Figure 1 ). The artificial simulated rainfall device made up of an X-shaped sprinkler, which was proved by raindrop spectrum and the end of velocity [52] . The test rain intensity was 1.5 mm/min, with a minimum rainfall uniformity of 85%, and an effective rainfall height of the side spray type rainer for rainfall of 4 m. Intermittent rainfall events were simulated; three continuous rainfall events were simulated for the same underlayer pattern, with the rainfall event interval of 24 h. All experiments were recorded from runoff generation time, and the runoff duration was defined as 30 min. However, the sand of the 1.5 cm sand slope eroded to the bottom of the test tank after the second rainfall, so no third rain was performed. The soil trough used in the test was 13 m long, 1 m wide, and 0.7 m high, with a slope of 12° ( Figure 1 ). 
Data Collection and Analysis
We collected the sediment runoff through the trough outlet with a sampling bucket and a conical flask at 1 min intervals. After the end of the test, the slope runoff in the bucket was read and the sediment content was calculated by the displacement method [53] . Slope flow velocity and width were monitored every 1 m along the trough. The runoff velocity at each section was determined using the KMnO4 dye tracer method and the runoff surface velocity was modified by multiplying by 0.67. The runoff power was calculated using Equation (1): (1) where ω stands for runoff power (w/m 2 ); τ stands for the current shear force (Pa); ρ stands for the water density (kg/m 3 ); g stands for the acceleration of gravity (m/s 2 ); s stands for the slope ratio; V stands for the stands for the cross-sectional mean velocity off surface runoff (m/s); and q stands for the unit width discharge (m 2 /s).
Before and after each rainfall, a 3D laser scanner (Trimble FX, Westminster, CO, USA) was used to scan the point cloud data of the slope. The accuracy of the instrument was 2 mm in the range of 20 m. The point cloud data was de-noised, spliced, calibrated, and processed by Trimble Real Works, and the same digital coordinate system was used to generate a slope digital elevation model (DEM) with a resolution of 5 mm × 5 mm by ArcGIS 10.1. First, we obtained the elevation difference (the unit is m) between before and after rainfall spatial point erosion on the slope. Then, the erosion volume was calculated via the elevation difference multiplying the grid area. Finally, the amount of erosion was measured by soil bulk density multiplying the erosion volume. The prediction error was obtained via comparing the DEM-estimated erosion and the corresponding measured values; the prediction error range was 0.35%-14.84%. Regression verification was carried out on the erosion amount calculated by the DEM and the measured sediment yield (Figure 2 , R 2 = 0.999). The experimental steel trough was divided into 1 × 1 m slope sections, with a total of 13 sections, from 
We collected the sediment runoff through the trough outlet with a sampling bucket and a conical flask at 1 min intervals. After the end of the test, the slope runoff in the bucket was read and the sediment content was calculated by the displacement method [53] . Slope flow velocity and width were monitored every 1 m along the trough. The runoff velocity at each section was determined using the KMnO 4 dye tracer method and the runoff surface velocity was modified by multiplying by 0.67. The runoff power was calculated using Equation (1):
where ω stands for runoff power (w/m 2 ); τ stands for the current shear force (Pa); ρ stands for the water density (kg/m 3 ); g stands for the acceleration of gravity (m/s 2 ); s stands for the slope ratio; V stands for the stands for the cross-sectional mean velocity off surface runoff (m/s); and q stands for the unit width discharge (m 2 /s). Before and after each rainfall, a 3D laser scanner (Trimble FX, Westminster, CO, USA) was used to scan the point cloud data of the slope. The accuracy of the instrument was 2 mm in the range of 20 m. The point cloud data was de-noised, spliced, calibrated, and processed by Trimble Real Works, and the same digital coordinate system was used to generate a slope digital elevation model (DEM) with a resolution of 5 × 5 mm by ArcGIS 10.1. First, we obtained the elevation difference (the unit is m) between before and after rainfall spatial point erosion on the slope. Then, the erosion volume was calculated via the elevation difference multiplying the grid area. Finally, the amount of erosion was measured by soil bulk density multiplying the erosion volume. The prediction error was obtained via comparing the DEM-estimated erosion and the corresponding measured values; the prediction error range was 0.35-14.84%. Regression verification was carried out on the erosion amount calculated by the DEM and the measured sediment yield (Figure 2 , R 2 = 0.999). The experimental steel trough was divided into 1 × 1 m slope sections, with a total of 13 sections, from the runoff outlet upward, which were followed by 1-13 m slope sections, and the erosion amount of each section was calculated according to DEM.
Water 2019, 11, x 4 of 13 the runoff outlet upward, which were followed by 1-13 m slope sections, and the erosion amount of each section was calculated according to DEM. Three microtopographic factors including slope, surface roughness, and surface cutting depth were selected to characterize the microtopographic features of the slope, which were obtained from the DEM [54] as follows:
(1) S is the slope of the point, which refers to the angle between the tangent plane passing through the point and the horizontal plane. It is the maximum ratio of height change, indicating the degree of inclination of the ground surface at that point. It is extracted by the slope function in ArcGIS GIS software. (2) R is the surface roughness, defined as the ratio of the surface area of the surface element to the projected area on the horizontal plane, which is expressed as:
After simplification, the calculation formula was obtained: R = 1/cos (S × π/180), S is the slope of the analysis window (°). (3) SI refers to the earth's surface incision at every point on the ground. Expressed as a formula:
SI = Hmean − Hmin
Hmean is the average elevation in the analysis window, mm; Hmin is the minimum elevation value in the analysis window, mm.
To account for the strong correlation between the microtopographic factors in this study, we used ridge regression analysis to fit the relationship between microtopography and erosion. Ridge regression is a biased regression estimation method for analyzing collinear data [55] that improves the stability of each coefficient by weakening the unbiasedness of the equation.
ANOVA analysis of variance was used to compare differences between sets of data, and the Pearson correlation analysis was used to analyze data correlation. Statistical analysis was performed in SPSS 22.0 and the drawing was performed using Origin 2017. Three microtopographic factors including slope, surface roughness, and surface cutting depth were selected to characterize the microtopographic features of the slope, which were obtained from the DEM [54] as follows:
After simplification, the calculation formula was obtained: R = 1/cos (S × π/180), S is the slope of the analysis window ( • ). (3) SI refers to the earth's surface incision at every point on the ground. Expressed as a formula:
H mean is the average elevation in the analysis window, mm; H min is the minimum elevation value in the analysis window, mm.
ANOVA analysis of variance was used to compare differences between sets of data, and the Pearson correlation analysis was used to analyze data correlation. Statistical analysis was performed in SPSS 22.0 and the drawing was performed using Origin 2017.
Results
Change Process of Sediment Concentration on Slopes under Different Thickness of Sand
The sediment content of the slope decreased with the increase of rainfall events (Figure 3 ). After the first rainfall, the average sediment concentration of slopes with thicknesses of 0.5, 1.0, and 1.5 cm was 7.46, 6.97, and 8.63 that of the loess slope, respectively. The average sediment concentration of the second rainfall was 4.04, 3.79, and 5.32 times the loess slope, respectively. The average sediment concentration of the third rainfall was 2.14 times (0.5 cm) and 1.70 times (1.0 cm) of the loess slope, respectively. ANOVA showed that the sediment concentration of the sand slope on the slope of the three consecutive rainfalls was significantly higher than that of the loess slope (p < 0.05). We further found a significant difference in the sediment concentration between the slopes of 0.5 cm and 1.5 cm and between 1 cm and 1.5 cm of sand covering under the same rainfall event (p < 0.05). There was no significant difference in the sediment concentration between the 0.5 cm and 1 cm slopes (p > 0.05). Under the thickness of sand covering of 0.5, 1.0, and 1.5 cm, the runoff time of the first rainfall was delayed by 18, 19, and 23 min, respectively, relative to the loess slope, indicating that the increase of sand thickness prolonged the initial runoff time of the slope. Compared with the loess slope, the sediment concentration on the slope of the sand cover changed drastically, mainly because the flow pattern of the slope on the slope of the sand has changed, from the super-osmotic flow on the slope of the loess to the pseudo-filled runoff [56] . The amount of infiltration in the early stage of the runoff was large, and the binary structure of the sand was fragile. With the action of hydraulic power and self-gravity, the slope was more likely to erode and collapse, and the runoff was lost. Therefore, the changed process of sediment concentration on the slope of the sand during the rainfall process was more severe than that of the loess slope.
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Spatial Distribution Characteristics of Soil Erosion on Slope
The gully of the loess slope developed slowly compared to sand covered slopes (Figure 4 ). After three rainfalls, the rill developed to 5 m from the bottom of the slope, while the remainder of the slope was covered. On sandy slopes, rills developed over more than 10 m and formed fine grooves that were sinuous and meandering. Their complicated shapes indicated that the rill erosion that occurred on sandy slopes were more severe than those on the loess slope. While erosion on the loess slope developed slowly over multiple rainfall events, sandy slopes saw large amounts of sediment production across the whole slope after the first rainfall. The most severely eroded areas after the second and third rainfalls occurred at the lower part of the slope (2-5 m). 
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Slope Microtopographic Spatial Change
We found that the loess slope roughness increased with rainfall events ( Figure 5A ). Compared with the initial slope, the roughness of the three rainfall fields increased by 5.34%, 7.04%, and 8.34%, respectively. Compared with the initial slope, the roughness of 0.5 cm cover slope increased by 15.66%, 16.94%, and 18.16%, respectively ( Figure 5B ). After covering 1 cm of sand, the roughness increases by 13.34%, 16.45%, and 14.25%, respectively ( Figure 5C ). After 1.5 cm of sand, the increase rate was 16.06% and 15.29%, respectively ( Figure 5D ). However, there was no significant difference in slope roughness between the three successive rainfalls under the condition of sand cover (p > 0.05).
Compared with the initial slope, the surface cutting depth of three rainfalls on the loess slope increased by 45.65%, 63.76%, and 78.99%, respectively. The growth rates after 0.5 cm sand cover were 132.16%, 121.89%, and 149.83%, respectively. After 1 cm sand cover, the growth rates were 135.81%, 212.17%, and 149.25%, respectively. After 1.5 cm sand cover, the increases were 185.65% and 181.45%, respectively. Thus, the slope surface changed more dramatically after sand recombination, and there was no significant difference in the cutting depth of each sandy slope after three rains (p > 0.05).
Response between Soil Erosion and Topographic Factors
In order to explore the relationship between slope erosion, sediment yield, and topographic factors, we measured the correlation between erosion of the three topographic factors (Table 1 ). 
Slope Microtopographic Spatial Change
Response between Soil Erosion and Topographic Factors
In order to explore the relationship between slope erosion, sediment yield, and topographic factors, we measured the correlation between erosion of the three topographic factors (Table 1) .
In general, shape factors of the loess slopes were significantly and highly correlated with the slope erosion, but the strength of the correlation tended to weaken with additional rainfall events. After the first rainfall, the shape of the surface and the prototype of the confluence path had been formed. The crust produced during the rainfall increased the erosion resistance of the soil and weakened the variation of the microtopography. Therefore, the correlation between the two was weakened with the increase of rainfall events and our ability to predict soil erosion by a single microtopographic factor decreased accordingly. On the sand-covered slope, there was a correlation between the amplitude of the microtopographic factor and the amount of erosion only during the first rainfall on the slope, but it did not show a correlation in subsequent rainfall. ----Note: * means significant correlation at the level of 0.05, ** means significant correlation at the level of 0.01.
During the first rainfall, the correlation coefficient between the erosion amount and the microtopography factor under different sand thicknesses was 0 cm (loess slope) > 0.5 cm > 1 cm > 1.5 cm, which indicated that the correlation coefficient became weak with the increasing sand cover thickness ( Table 1 ). The correlation coefficient for 1.5 cm sand cover thickness was obviously weaker than that for 0.5 cm and 1 cm sand cover thickness. Combined with the process of sediment concentration change (Figure 3) , the possible reasons for this phenomenon are shown as follows. There was no significant difference of sediment concentration between the 0.5 cm and 1 cm sand cover thickness, while the sediment concentration for 1.5 cm sand cover thickness was obviously larger than that for 0.5 cm and 1 cm sand cover thickness. The slope stored more water for 1.5 cm sand cover thickness before the runoff compared to the slopes for 0.5 cm and 1 cm sand cover thickness. It is to be ignored that the above sandy water flow and underlying surface conditions influence the erosion of the slope, which is one of reasons that the correlation coefficient for 1.5 cm sand cover thickness was weaker than that for 0.5 cm and 1 cm sand cover thickness.
Due to the difference in the sediment yield mechanism between the loess slope and sand slope, it was necessary to study the relationship between erosion and sediment yield and microtopography. We used ridge regression to model a linear relationship between the microtopographic variation and the erosion amount of each slope segment, in which the loess slope data was derived from the whole continuous rainfall process, and the sand-covered loess slope data was derived from the entire continuous rainfall process under three different sand-covering thicknesses (Equations (2) and (3)),
Sand slope:
where Y represents the amount of erosion per 1 × 1 m slope (kg); ∆S represents the slope amplitude of the slope ( • ); ∆R represents the surface roughness variation of the slope; and ∆SI represents the surface depth of the slope (mm). Equation (2) shows that, on the loess slope, the surface deformation depth (∆SI) had the strongest response to erosion and sediment yield, followed by surface roughness (∆R) and slope (∆S). On the sand slopes, surface roughness had the strongest response to erosion and sediment yield, followed by gradient (Equation (3) ). The coefficients of determination of the regression equations of the loess and sand slopes were 0.903 and 0.788, respectively (p < 0.05), suggesting that the interaction between microtopographic changes and erosion and sediment yield on the sand slope is complicated, and other more sensitive factors and indicators need to be added for a comprehensive analysis.
Discussion
Response of Soil Erosion and Microtopographic on Overlying Slope
Loess soil has a good structure and viscosity. Slope erosion in the process of rainfall follows the rules of erosion-sheet erosion-fine groove erosion in which the raindrops splash the soil particles from the soil and the runoff formed on the slope transports the separated sediment particles. At the beginning of the rainfall, the dry soil is easily detached and transported. Deposition occurred on the top of slope. On the one hand, sediment was easy to deposit during transport processes because of the lower runoff energy on the top of slope. One the other hand, the soil become tampered as rainfall continues and soil erodibility is weakened. It is not enough runoff energy to detach the soil particle on the top of slope. The surface particles of the coated loess are poorly viscous and the pores are large, and the rainwater forms a sand interface flow in the sand layer [41] . The slope of the sand-covered slope generally follows the rules of vertical infiltration-subsurface, flow-seepage, and erosion-collapse. For this reason, the shape of the sand-covered slope is variable, and collapses and mud can occur at any time. However, the initial correlation between the amplitude and erosion of the sand slope microtopography attenuates with subsequent rainfall events. Taking the whole rainfall series covering the 0.5 cm slope ( Figure 6 ) as an example, it can be seen that there was a linear relationship between the amount of erosion and the amplitude of microtopography. This difference is mainly due to the maximum amplitude and erosion of the microtopography during the first rainfall, which controls the distribution pattern of the overall data.
Equation (2) shows that, on the loess slope, the surface deformation depth (ΔSI) had the strongest response to erosion and sediment yield, followed by surface roughness (ΔR) and slope (ΔS). On the sand slopes, surface roughness had the strongest response to erosion and sediment yield, followed by gradient (Equation (3) ). The coefficients of determination of the regression equations of the loess and sand slopes were 0.903 and 0.788, respectively (p < 0.05), suggesting that the interaction between microtopographic changes and erosion and sediment yield on the sand slope is complicated, and other more sensitive factors and indicators need to be added for a comprehensive analysis.
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The influence of Hydrodynamic Factors on Erosion
In addition to studying the response relationship between the change of microtopographic factors and the amount of erosion, we also considered the influence of hydrodynamic factors of the upper water on erosion by measuring the flow velocity of each section of the slope. We found that the runoff power was a powerful predictor of runoff erosion and sediment yield [57, 58] . According to the correlation analysis between runoff power and erosion (Table 1) , the runoff power was added as an independent variable to the ridge regression equation. The addition of runoff power increased the predictive power on sandy slopes (Equation (4)), but not on loess slopes:
where ω represents the runoff power of the slope (N·m −1 ·s −1 ). It can be seen that after including runoff power as a predictor, the determination coefficient of the regression equation of the sand-covered slope increased from 0.788 to 0.831, and the model and both normalization coefficients were significant (p < 0.05), which shows that the amount of erosion on the slope of the sand was significantly affected by the runoff power.
Previous studies on the response relationship between microtopography and erosion and sediment yield during the process of erosion mainly focused on the correlation between the two characteristics of slope change and a single factor [52, 59, 60] . Here, using more detailed 1 m slope sections to analyze the spatial distribution of slope surface erosion, we found that including the water flow factor increased the accuracy of soil erosion predictions based solely on microtopographic features. Due to the limited conditions of our tests, the factors inside or outside the other sand layers could not be incorporated, and comprehensive effects of many other factors should be considered in subsequent studies.
Conclusions
Here, we studied the spatial source of slope erosion, characteristics of slope microtopography, and the relationship between the two under experiment rainfalls. We found:
•
Under continuous rainfall, the average sediment concentration on the slope decreased significantly with subsequent rainfall events. In the same rainfall regime, there was a significant difference in the sediment concentration between slopes with 0.5 cm and 1.5 cm sand cover, and between 1 cm and 1.5 cm sand cover (p < 0.05). In addition, during the first rainfall, the increase of sand thickness extends the initial runoff time of the slope.
In the continuous rainfall process, the middle and lower parts of the slope were the most vulnerable to water erosion. As the rainfall progressed, the peak area of erosion moved in the direction of the slope. The main sand production area was 1-6 m slope section, and there was little sand production on the slope. While on the slope surface, a large amount of sediment production occurred under the condition of sand covering. The sediment yield in the middle and lower part of the slope (1-6 m) was larger than the upper middle part of the slope (7-13 m) and the peak area of erosion was also distributed on the slope 4-6 m. The slope section indicated that for the prevention and control of slope erosion, the treatment of the middle and lower slope section is more important than the middle and upper slope sections.
The microtopographic index on the loess slope gradually increased with the progress of rainfall. The microtopographic index of the overlying slope was generally larger than that of the loess slope. There was no significant difference in the microtopographic factors between the three rainfalls under each sediment thickness (p > 0.05).
The correlation between the microtopographic variation and the erosion amount of the loess slope under different fields was very strong, but the sand-covered slope had only a significant correlation during the first rainfall event. The microtopographic factors with the strongest erosion responses were surface cutting depth and surface roughness for the loess and sand slopes, respectively. The coefficient of determination of the regression equation of the loess slope (R 2 = 0.903) was larger than that of the slope of the sand (R 2 = 0.788). Therefore, for the study of the erosion response mechanism of the slope, it is necessary to add other sensitive indicators for a comprehensive analysis.
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